To analyze the accuracy of diagnosis in a population receiving inhaled therapies due to respiratory diseases in a primary care setting. Method: Noninterventional, multicenter, cross-sectional, observational epidemiologic study methodology. Results: A total of 9752 subjects were evaluated. Of these, 4188 (42.9%) patients were diagnosed with asthma, 4175 (42.8%) with chronic obstructive pulmonary disease (COPD), and 1389 had a diagnosis of disease of unknown origin. Of those over the age of 40 years, 4079 (50.9%) had COPD and 2877 (35.9%) had asthma. Sixty percent of the subjects were men, and the proportion of men was higher in patients with COPD (83.2%) than in the group with asthma (39.8%, P , 0.0001). Of subjects with COPD, 17.3% had mild, 55.3% had moderate, 24.1% had severe, and 3.2% had very severe disease. With regard to the level of severity of asthma, 34.9% of subjects had intermittent, 34.6% had mild persistent, 27.1% had moderate persistent, and 3.5% had severe persistent disease. Only 13.9% of patients in the COPD group had all the characteristics of COPD based on the Global Initiative for Chronic Obstructive Lung Disease criteria and an absence of the characteristics of asthma.
Introduction
Respiratory diseases that progress with obstruction of the respiratory tract are very prevalent in the community, giving rise to high health care costs. Asthma and chronic obstructive pulmonary disease (COPD) stand out in this group of diseases.
Asthma may affect individuals of any age. Although its prevalence varies from one country to another, it is estimated to be 1%-18% on a global level. The results from the European Community Respiratory Health Survey indicated that asthma rates in Spain are low, although they vary according to regions, with a range between 5% and 14.5%.
1 COPD mainly affects individuals over the age of 40 years. The Spanish IBERPOC study suggests that the prevalence of COPD in Spain is 9.1% for patients who are 40-69 years of age. 2 In countries where patient monitoring is coordinated in primary care, as in Spain, an analysis of the situation at this level would provide valuable information on the impact that COPD and asthma has on the community and on the treatment needs of the population, regardless of the level of care, where the diagnosis is made, or whether there is additional follow-up in specialized health care services.
Asthma and COPD have certain similarities. Therefore, it is not easy to differentiate between them, especially in patients over the age of 40 years or those with spirometry that does not show complete reversibility of obstruction. Various studies have confirmed in both pathologies that there are problems of under-diagnosis, wrong diagnosis, a high percentage of patients with overlapping symptoms, and little observance of good clinical practice guidelines. The knowledge that the general population has about these diseases may also have an influence on health care needs and thus, on the diagnosis of one disease or the other. A population-based survey has shown a greater proportion of people who knew about asthma compared with those who knew about COPD (30% versus 8.6%, respectively). 3 Given that both diseases are clearly different in their pathophysiology, different approaches to their treatment must be taken, despite certain features they may have in common. The excellent clinical response to inhaled corticosteroids (ICs) in asthma, and these agents are considered to be firstline treatment. In the case of COPD, the response to ICs is variable and when these are used, they are always a secondline treatment in combination with a bronchodilator. [4] [5] [6] When more selective drugs are used (eg, leukotriene inhibitors), this difference becomes especially relevant. From a clinical point of view, the differential diagnosis between the two diseases holds interest beyond the purely theoretic, because their pathophysiologic basis, clinical evolution, and therapeutic strategies are different. 7, 8 Furthermore, knowing the characteristics of both disease processes in our population allows for the development of health strategies targeted to the needs of patients.
The objectives of this study were to analyze the accuracy of diagnosis in a population receiving inhaled therapies due to respiratory diseases in the primary care setting, to determine the diagnoses established by primary care physicians in this population, and to identify patient characteristics.
Materials and methods study design
An observational, cross-sectional, multicenter, noninterventional, epidemiologic study was performed in patients attending primary health care facilities and being treated with inhalers. The investigators' decisions regarding health care or the medical treatment most appropriate for the patient did not have any influence on the methods used in the study. Because this was a cross-sectional, observational study, all data required for the assessment of endpoints included in the protocol were recorded during a single visit. The subjects participated in the study from 14 May 2008 to 26 November 2008. The project was approved by the Clinical Research Ethics Committee of the University Hospital of Guadalajara. All patients signed an informed consent form.
The study participants were selected by consecutively taking the first seven patients in a given practice population who were over the age of 18 years, met all the selection criteria (Table 1) , and had attended a primary health care consultation. A total of 9931 subjects were recruited for the study by 1449 investigators.
Data collection was carried out using a standardized questionnaire including both clinical and functional variables. Bronchodilator tests were considered to be positive when baseline FEV 1 increased by more than 200 mL and 12%. Diagnosis was left to the investigator's judgment according to his/her routine clinical practice assuming that, according to published data, most of the patients would be diagnosed with COPD or asthma. Subsequently, the reliability of the diagnosis of asthma or COPD was assessed using GINA (Global Initiative for Asthma) 9 and GOLD (Global Initiative for Chronic Obstructive Lung Disease) 10 criteria, respectively, as a reference in order to support one or other of the diagnoses, based on exposure to environmental risk factors, age and characteristics of symptom onset, previous history of atopy or asthma, and findings from spirometry. Bronchodilator tests were not used as a differentiation criterion, except in cases where a complete resolution of obstruction was confirmed. Patients not assigned by the physicians to asthma or COPD diagnosis groups were included for analysis purposes as a third group named " disease of unknown origin". According to these considerations, the CI of 95% observed using normal distribution for large samples, at least 9500 individuals would need to be assessed in order to obtain a precision error of less than 1%. Finally, with 9752 evaluable subjects, the CI of 95% using a normal distribution for large samples obtained a precision error not greater than 1%. The population used for the statistical analysis included patients who met all the selection criteria. If the case report forms were missing any information (not included by the investigator), the results were calculated using data from individuals who had these data. Therefore, the sample size varied for the different variables due to the amount of missing data. For each variable, the total number of subjects evaluated is superior to the sum of the number of evaluated patients diagnosed with asthma, COPD, or disease of unknown origin because 98 of 147 patients were diagnosed as having asthma and COPD together, so were not included in the analysis, and in other cases the investigators did not specify the diagnosis on the form.
Descriptive statistics of all the variables, including central tendency means and dispersion for all the quantitative variables, as well as relative and absolute frequencies for the qualitative variables, were performed with CIs of 95% in both cases. The distribution of the quantitative variables was studied and its adjustment to the Gaussian distribution was assessed using the Kolmogorov-Smirnov test. In order to compare independent data from more than two groups (among the different analysis groups), a one-way analysis of variance (ANOVA) was performed for the quantitative variables, as well as a Chi-square test for the qualitative variables. Statistical tests were performed with a 5% significance level and were bilateral. The SAS ® version 8.2 statistical package was used for all statistical analyses.
Results
A total of 9931 individuals were included in the study, and 179 (1.8%) were excluded because they did not meet the selection criteria, ie, 9752 (98.2%) subjects were assessed and classified according to the type of diagnosis made by their physician. Of these, 4188 (42.9%) patients were diagnosed with asthma, 4175 (42.8%) with COPD, and 1389 had alternative diagnoses. One hundred and forty-seven patients were excluded because of a mixed diagnosis of asthma and COPD or because the investigators did not specify a diagnosis on the form. Excluding these patients, 1242 (12.8%) were classified as having disease of unknown origin. Of patients over the age of 40 years, 4079 (50.9%) were diagnosed with COPD, 2877 (35.9%) with asthma, and 13% had alternative diagnoses. Table 2 describes the demographic data and body mass index (BMI) of patients included in the study. Sixty percent were men, who comprised a higher percentage of patients diagnosed with COPD (83.2%) than those with asthma (39.8%; P , 0.001). The mean age (standard deviation [SD]) of patients with COPD was 67.2 (11.0), which was older than the age of asthma patients, ie, 50.1 (17.0) years (P , 0.0001). The average BMI was 27.2 (4.3) kg/m 2 . Higher rates of excess weight and obesity were observed in patients diagnosed with COPD, and the percentage of patients who were underweight was low in all the groups.
As it can be seen in Table 3 , 37.8% of the population had never smoked, 37.2% were ex-smokers, and 24.9% were current smokers (P , 0.0001). The average number of years smoking was 28.2 (13.9). However, this was slightly higher at 22.6 (12.5) years in patients diagnosed with COPD, and notably lower at 18.2 (10.6) years in patients with an asthma diagnosis (P , 0.0001).
Using the British Medical Research Council dyspnea scale, 66.0% of the subjects had disease of unknown origin, 90.6% had COPD, and 65.1% had asthma and basal dyspnea ( Figure 1 ).
Only 4379 (44.9%) patients had spirometry performed, either prior to or during the study. Mean values (CI 95%) of the FEV 1 /FVC postbronchodilator ratio were 75.8% (73.7-77.9), 66.5% (65.3-67.6), and 76.9% (75.7-78.1) in the disease of unknown origin, COPD, and asthma diagnosis groups, respectively (P , 0.0001). In these groups, FEV 1 as a percentage of predicted was 77.4% (75.7-79.2), 60.6% (59.7-66.4), and 77.8% (76.8-78.7). For the bronchodilator test, the average absolute change (CI 95%) in FEV 1 (L) was 0.2 (0.2-0.3) in the group with disease of unknown origin, 0.2 (0.2-0.3) in the group with COPD, and 0.3 (0.3-0.4) in the group with asthma (P , 0.0052). The change in percentage values, compared with baseline, was 10.2% (7.5-12.9), 15.9% (10.8-21.1), and 15.9% (13.2-18.1) in the three groups, respectively (P = 0.24).
According to the GOLD guidelines, as can be seen in Figure 2 , 17.3% of the subjects with a COPD diagnosis (based on spirometry data, n = 1878) had mild, 55.3% had moderate, 24.1% had severe, and 3.2% had very severe disease. With respect to severity levels in patients with asthma, according to GINA guidelines, 34.9% had intermittent, 34.6% had submit your manuscript | www.dovepress.com
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Izquierdo et al persistent mild, 27.1% had moderate persistent, and 3.5% had severe persistent disease (Figure 3) . Table 4 shows the subjects' personal history of atopy, urticaria, eczema, and rhinitis. These diseases were more prevalent in asthma patients than in COPD patients (P , 0.0001). The proportion of subjects with allergies was also higher in subjects with asthma (41.4%) than in those with COPD (11.3%, P , 0.0001). A previous history of atopy and asthma symptoms were also more frequent in subjects with asthma (P , 0.0001); 81.7% had experienced episodes of wheezing, and this was lower in patients with COPD (76.2%) than in patients with asthma (89.7%, P , 0.0001); 48.8% had suffered chronic expectoration, being slightly lower in patients with asthma (21.9%) and higher in patients with COPD (79.4%, P , 0.0001). However, apart from the normalization of post-bronchodilator pulmonary function, no other clinical parameter allowed for the establishment of a precise cut-off point in order to distinguish asthma from COPD. Therefore, only 13.9% of the patients in the COPD group showed, simultaneously, all the typical characteristics of COPD disease based on GOLD criteria and absence of typical asthma characteristics. In total, 36.7% of patients had previously been admitted to hospital at least once, and most of them were from the COPD group rather than the asthma group (51.4% and 27%, respectively, P , 0.0001). Table 5 shows active treatment at the time of evaluation. Given the study protocol, patients who were only being treated with antileukotrienes, theophylline, or maintenance oral corticosteroids were not assessed. In 46.5% of the subjects with disease of unknown origin, 62.1% of patients with COPD, and 60.9% of the patients with asthma, treatment comprised a fixed combination of long-acting beta 2 -adrenergic agonists and ICs, while 42.1% of subjects with disease of unknown origin, 43.7% of those with COPD, and 48.7% of those with asthma were taking short-acting beta 2 -adrenergic agents. A lower percentage of patients was receiving mucolytic medication (being higher in COPD patients), ICs, and long-acting anticholinergics. With regard to inhaled and noninhaled treatments, 28.9% and 28.3% of COPD patients were receiving two and three treatments, respectively, and 37.1% and 22.3% of those with asthma were taking two and three treatments, respectively (Table 6) . 
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Discussion
The results of this study provide clinical information regarding patients receiving inhaled therapies in primary care.
At the same time we were able to analyze the main limitations for these diagnoses when we used international guidelines for the more frequent respiratory diseases seen in primary care, ie, asthma and COPD. The main difference between the asthmatic patients and those diagnosed with COPD is that there was a greater predominance of women, younger patients, lower baseline dyspnea, a different distribution of disease severity, and more symptoms of atopy, allergy, and rhinitis documented in asthma patients. These profiles meet the clinical characteristics for asthma and COPD according to the GINA and GOLD guidelines, respectively. However, because there is no gold standard that allows for confirmation of a correct diagnosis (unless obstruction of airflow is completely reversed), the proportion of wrong diagnoses could not be assessed for each disease group, because many patients do not fit a typical asthma or COPD profile. The difficulty in making a differential diagnosis between the two diseases is already recognized as a significant clinical problem. In fact, in 1995, the American Thoracic Society stated that "it may be impossible to differentiate patients with asthma whose airflow obstruction does not remit completely from patients with chronic bronchitis and emphysema with a partially reversible obstruction and bronchial hyperreactivity". 11 Cigarette smoking can be a confounding factor when attempting to diagnose asthma or COPD. In our study, the percentages of current smokers and ex-smokers among patients diagnosed with COPD and asthma were 85.4% and 41.7%, respectively. In another study recently performed in our community using a very large sample of women with a COPD diagnosis, 57.3% of patients stated that they had never smoked. This raises some doubts about the correct diagnosis of COPD and suggests the existence of other predisposing factors. 12 One limitation of our study is that the diagnosis was based solely on the judgment of the physician caring for the patient. Therefore, reliability cannot be determined. Difficulty in making a diagnosis of asthma or COPD was more common in patients over the age of 40 years with chronic airflow obstruction. In these patients, differentiation between the two diseases must be made on clinical grounds, including all possible information in order to establish a diagnosis. In fact, although our series had more characteristics associated with asthma, such characteristics, in isolation, are not enough to differentiate accurately between the two diseases. In the population over the age of 40 years, 50.9% had a diagnosis of COPD, but only 13.9% of those patients had all the typical characteristics of COPD based on GOLD criteria and absence of all asthma characteristics at the same time. These data suggest that there could be a significant percentage of patients with an incorrect or unclear diagnosis. Tinkelman et al analyzed this problem in a population over the age of 40 years who were looked after in the primary care setting and had a prior diagnosis of COPD or were receiving treatment for COPD. Among subjects for whom COPD was "confirmed" through spirometry, 37.9% had a prior diagnosis of asthma and had no data showing chronic bronchitis or emphysema. 13 However, this approach may not be valid, because a COPD diagnosis is assumed to be correct simply 
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Misdiagnosis of patients on inhaled therapy when chronic air flow obstruction, defined as FEV 1 /FVC ,70% is recorded. In other cases, even when introduction of multiple variables into the analysis (clinical, functional, and analytic variables) was attempted in the development of questionnaires, a precise diagnosis cannot be established in approximately 20% of patients. These patients frequently have a typical history of COPD and atopy or are ex-smokers with clinical characteristics of asthma. [14] [15] [16] These data are similar to those presented in the National Health and Nutrition Examination Survey III 17 where the degree of overlap ranged from 17% to 19.1%. Notes: ***Certain patients were taking more than one treatment; **Maintentance oral corticoids refers to the use of this drug at the moment of the study. Abbreviations: COPD, chronic obstructive pulmonary disease; IC, inhaled corticosteroids, LABA, long-acting beta 2 -adrenergic agonists.
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In view of the lack of good clinical and/or analytic parameters that make it possible to differentiate between these two diseases, it has become common to use the bronchodilator test, both in daily clinical practice and in clinical trials. Therefore, many authors interpret a positive bronchodilator test as being synonymous with asthma. However, Anthonisen et al 18 demonstrated that a large number of patients diagnosed with COPD showed a positive response if the test is repeated, and more than 60% show at least one positive response when a series of consecutive bronchodilator tests are performed.
Recently, the UPLIFT (Understanding Potential Longterm Impacts on Function with Tiotropium) study has confirmed these results, ie, more than 50% of COPD patients had a positive bronchodilator response. 19 Even though the GOLD guidelines state that a positive response occurs with an increase of 200 mL or a 12% increase in FEV 1 compared with baseline, this criterion varies notably in different series and clinical guides, with ranges varying from 10% to 20%. In practice, none of these rates show acceptable levels of reproducibility, and the bronchodilator test cannot be seen as a dichotomous variable confirming or denying a diagnosis. That is the reason why the bronchodilator test distinguishes asthma from COPD so poorly. Thus, unless the disappearance of the obstruction is confirmed, this test should not be used to make a differential diagnosis between the two diseases. In spite of the frequency with which a limit of 15% has been indicated in order to determine a diagnosis of asthma or "asthmatic bronchitis", this is the average value of functional improvement obtained by Anthonisen in a group of COPD patients, in which an asthma diagnosis was considered to be an exclusion criterion. 18 It should be noted that the 15% increase in FEV 1 obtained in the bronchodilator test was documented in both the asthma and COPD groups, with no significant differences between them.
Although the asthma prevalence was similar to that of COPD in this large series of patients, there are significant differences in the severity of both diseases, in that 69.5% of asthma patients had intermittent or persistent mild disease, whereas 82% of COPD patients had moderate or severe disease. Even though the criteria used to assess the severity of both diseases are different, these data can justify the existence of a greater basal clinical repercussion, with dyspnea levels being significantly higher in COPD patients.
Use of spirometry in the primary health care setting remains low, and was performed in only 50% of the population treated with bronchodilator medication. Another limitation of our study is that functional confirmation of COPD was only possible in 44.9% of the patients who had had spirometry in response to a bronchodilator test, which could have influenced our results. In a previous study, 26.5% of patients assessed in primary health care were diagnosed with COPD although they had had no spirometry test or functional report that could aid the diagnosis and establish disease severity. Our results are very similar to those of other epidemiologic studies. Women and nonsmoking patients were less likely to have spirometry done. However, multivariate analysis did not show any effect of gender or smoking on whether or not spirometry was performed. 23 The pharmacologic prescription pattern was similar between the two diseases, with the exception of a greater use of tiotropium and mucolytic agents in COPD and a greater use of leukotriene antagonists in asthma. Given that bronchodilators and ICs are the most common treatments for asthma and COPD, not surprisingly the prescription profile is similar in both cases. Unfortunately, it was not possible to obtain information regarding the doses used or the consumption per year. This information would have helped to determine the consumption profile of these drugs in both disease groups in order to determine if they were temporary or permanent prescriptions. The greater use of mucolytic agents, tiotropium, and theophylline in COPD patients is also not surprising. However, the significant consumption of leukotriene antagonists in COPD patients is notable, given their lack of efficacy in this disease. These data are consistent with the findings of other observational studies performed in this setting. [24] [25] [26] 
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In conclusion, the majority of patients in our study who were receiving inhaled therapy in primary care did not have an accurate diagnosis according to current international guidelines for COPD or asthma. The percentage of patients diagnosed with asthma or COPD was similar, although there were relevant differences in gender, age, and clinical characteristics. More initiatives for improving diagnosis accuracy in respiratory diseases must be implemented in primary care, and focusing on use of spirometry. Improving the differential diagnosis in primary care will improve the management of these common respiratory diseases and ultimately improve the health care of affected patients.
